A set of two to three prominent hardgrounds can be traced for more than 40 km from east to west within the Jurassic succession of the Jaisalmer Basin at the western margin of the Indian Craton. The hardgrounds started to form under subtidal conditions in a mixed carbonate-siliciclastic setting during the last phase of a transgressive systems tract, i.e. the maximum flooding zone. The age difference between the hardgrounds is very small, but they differ lithologically. Typically, the stratigraphically oldest hardground occurs at the top of a 1-m-thick calcareous sandstone. It is characterized by a spectacular megaripple surface encrusted with oysters and subsequently occasionally bored by bivalves. The hardground is overlain by 10-25 cm of biowackestone to biopackstone, at the top of which another hardground is developed. This second hardground is characterized by abundant bivalve (Gastrochaenolites isp.) and "worm" borings (Trypanites and Meandropolydora isp.) and occasional oyster encrustations. The third hardground can be found within the overlying 60-cm-thick, bioturbated, fossiliferous silty marly packstone. It shows common to abundant oyster encrustations and occasional borings together with reworked concretions. The individual hardground can be well recognized throughout the basin based on lithology and biotic components. The second hardground (biowackestone to biopackstone) with abundant bivalve and worm borings is most prominent and widespread. Lithostratigraphically, these three hardground surfaces belong to the uppermost part of the Bada Bag Member of the Jaisalmer Formation. Based on ammonites, such as Perisphinctes congener (Waagen), brachiopods, and corals, this interval of the Bada Bag Member has been assigned a late Bathonian age. The entire succession above the first hardground is bioturbated up to the overlying marly silt of the Kuldhar Member of the Jaisalmer Formation, which is already Callovian in age. The characteristic hardground lithologies, together with the ammonite record, allow long-distance correlations within the basin emphasizing their importance as valuable marker horizons. The biotic components associated with the hardgrounds and alternating sediments represent high diversity community relicts developed in shallow-water, open-marine environments.
Introduction
Kachchh Basin and Jaisalmer Basin are two neighbouring sedimentary basins at the western margin of the Indian Craton ( Fig. 1a; e.g., Biswas 1971 Biswas , 1977 Biswas , 1991 Das Gupta 1975; Krishna 1987 Krishna , 2017 Fürsich et al. 2001 Fürsich et al. , 2013 Pandey et al. 2014) , about 400 km apart. These basins are well known for numerous fossiliferous horizons, shell beds, well-preserved trace fossils, condensed horizons, reworked concretions, hardgrounds, cyclic sedimentation and lateral thickening and thinning of stratigraphic units within the Jurassic succession (e.g., Singh 1989; Fürsich et al. 1991 Fürsich et al. , 1992 Fürsich et al. , 2013 Fürsich et al. , 2017 Fürsich et al. , 2018 Fürsich and Oschmann 1993; Paul et al. 2018) . The peak of the first transgression, which inundated the basins simultaneously, has been dated as late Bajocian (Singh et al. 1982; Pandey and Fürsich 1994; Pandey et al. 2006a Pandey et al. , 2006b Pandey and Choudhary 2007) . In both basins, Jurassic sediments range from non-marine siliciclastics to marine mixed carbonate-siliciclastics to pure marine carbonate mud. The lithostratigraphic scheme of the basins has been modified from time to time (Waagen 1875; Das Gupta 1975; Biswas 1977; Kachhara and Jodhawat 1981; Fürsich et al. 2001 Fürsich et al. , 2013 Pandey et al. 2014) , but a complete, regionally applicable lithostratigraphy of both basins has yet to be formulated. Fürsich et al. (1992) recorded for the first-time hardgrounds in the Jaisalmer Basin. Further field investigations in other parts of the basin have revealed that these hardgrounds are widespread throughout the basin from east to west and are therefore excellent marker beds of the upper Bathonian rocks. This is very significant for stratigraphic correlation in the Jaisalmer Basin, where stratigraphic units commonly disappear or change in lithological character laterally. These hardgrounds record temporal changes in lithology, from mixed carbonate-siliciclastic to carbonate, and in faunal composition, which consequently reflect on the depositional setting. The present study deals with a detailed description of hardgrounds in the Jaisalmer Basin and discusses the implication of their wide extension.
Geological setting of the Jaisalmer Basin
The Jaisalmer Basin covers the entire Jaisalmer district of western Rajasthan. Geologically, it is a pericratonic shelf basin on the northwestern slope of the Indian Craton, situated along the southern margin of the Tethys Sea. The strata in the basin range from the Precambrian to the recent with several depositional gaps (Pandey et al. 2006a (Pandey et al. , 2006b (Pandey et al. , 2014 . Tectonically, it became active after Mesozoic times and has been divided into four structural units: (a) a median northwest-southeast trending raised Mari-Jaisalmer arch, (b) a synclinal Shahgarh sub-basin in the southwest, (c) the Kishangarh sub-basin in the north and northeast, and (d) the Miyajlar sub-basin in the south (Fig. 1b; Rao 1972) . Lithostratigraphically, the Jurassic strata have been grouped into the Lathi, Jaisalmer, Baisakhi and Bhadasar Formations, which are further divided into members ( Fig. 1c ; Table 1 ). The Jaisalmer Formation, the most fossiliferous formation of the basin, has been divided into the Hamira, Joyan, Fort, Bada Bag, Kuldhar and Jajiya Members. The outcrops of these members can be encountered around the city of Jaisalmer. The older parts of the Jaisalmer Formation (Hamira and Joyan Members) yield only few fossils, which are exclusively benthic. The overlying Fort Member has yielded several benthic faunal elements together with belemnites and a few middle Bathonian ammonites (Prasad et al. 2007; Pandey et al. 2014) . The benthic macrofauna is characterized by abundant infaunal and epifaunal bivalves, high-spired gastropods, regular echinoids, corals, and brachiopods in decreasing order of abundance (Pandey et al. 2006b (Pandey et al. , 2009a (Pandey et al. , 2014 . The older part of the next younger Bada Bag Member is also very poor in macrofaunal diversity. The most common fossils are small-sized rhynchonellid brachiopods (Mukherjee 2009 (Mukherjee , 2010 (Mukherjee , 2017 Pandey et al. 2014) . In contrast to these lower faunal horizons, the uppermost part of the Bada Bag Member and the Kuldhar Member contain prolific benthic as well as nektic macroinvertebrates (Pandey et al. 2012 (Pandey et al. , 2014 , which suggests a distinct change in the environmental parameters. Coincidently, this was also the time-interval, during which the hardgrounds formed. These hardgrounds are confined to the uppermost part of the Bada Bag Member, which based on the records of an index ammonite, Perisphinctes congener (Waagen) , and other associated ammonites (Macrocephalites formosus), brachiopods and corals have been assigned a late Bathonian age (Callomon 1993; Jain 2008; Pandey et al. 2014) . The overlying Kuldhar Member is characterized by a highly fossiliferous gypsiferous marly silt with several thin, moderately-to well-cemented interbeds of golden ooid-bearing packstones, and occasional shell beds. The fossils recorded from this member are terebratulids (Bihenithyris, Aulacothyris), rhynchonellids (Septirhynchia), bivalves, gastropods, nautiloids, ammonites (Macrocephalites semilaevis, M. chariensis, Reineckeia anceps, Subkossmatia opis, and Collotia gigantea), belemnites, echinoids, crinoids, corals, foraminifers, ostracods and trace fossils. The ammonites and brachiopods clearly suggest a Callovian age of this unit (Kalia and Chowdhury 1983; Krishna 1987; Jain 2008; Pandey et al. 2009b Pandey et al. , 2010 Pandey et al. , 2014 .
The youngest Jajiya Member consists of thick, low-angle cross-bedded fossiliferous ooidal packstone to ooidal rudstone, and fine-to medium-grained calcareous sandstone. Rhynchonellids, terebratulids, bivalves, gastropods, ammonites, belemnites, crinoids and corals are common. Based on ammonites, the member has been dated as Oxfordian (Kachhara and Jodhawat 1981; Krishna 1987; Prasad 2006; Sharma and Pandey 2016) .
Hardgrounds
Hardgrounds are surfaces of synsedimentarily-cemented layers that have been exposed on the seafloor. Carbonate 1-Nav Dungar section, 2-River section W of Jajiya village, 3-River section E of Jajiya village, 4-Kuldhar Nala section, 5-Kuldhar River section, 6-11 km milestone section, along the Jaisalmer-Sum road, 7-Gharoi River section, W of Baisakhi village, 8-River section 6 km W of Hadda and 9 km E of Jethwai villages, and 9-Kanod River section hardgrounds are more common than siliciclastic ones (Taylor and Wilson 2003) . The synsedimentary cementation takes place some centimetres below the sedimentwater interface. Hardgrounds provide extensive substrate for cementing and boring organisms. The composition of the associated organisms depends on environmental parameters such as sediment type, rate of sedimentation, and water energy. Hardgrounds preferentially formed during so-called calcite sea intervals in the geological record, characterized by dissolution of aragonite and high precipitation of low-magnesium calcite (Palmer and Wilson 2004) . In some cases, hardgrounds show a cyclic pattern (Puga-Bernabéu and Betzler 2008) . In the course of the Phanerozoic, the composition of hardground communities changed, e.g., thick calcitic bryozoan and echinoderm encrustations prevailed in the Ordovician and Silurian, whereas oyster and serpulid encrustations and bivalve (Gastrochaenolites), "worm" (Trypanites and Meandropolydora) and sponge (Entobia) borings dominated in the Jurassic and Cretaceous (Fürsich 1979; Für-sich et al. 1992; Taylor and Wilson 2003; Palmer and Wilson 2004) .
Materials and methods
The study is the result of geological field work in the Jaisalmer Basin of western India in the years 2014, 2016, and 2017 . During these surveys several localities exposing the described hardgrounds were discovered, and detailed sections were measured. Ammonites were collected in order to assign ages to the different stratigraphic horizons (e.g., Pandey et al. 2014 Pandey et al. , 2018 Sharma and Pandey 2016) . Furthermore, representative rock samples were cut and the surfaces were polished to study the composition of the individual hardgrounds and discover differences between hardgrounds of different localities.
Results
A set of two to three recurrent hardgrounds has been traced within the upper Bathonian Bada Bag Member of the Jaisalmer Formation from the southwestern to eastern part of the Jaisalmer Basin (Figs. 2,  3 ). The hardground surfaces have been investigated at the following localities:
(1) Nav Dungar section in the southwestern part of the basin (26°47′51.06″N, 70°41′25.44″E); (2) River section W of Jajiya village (26°50′9.26″N, 70°4
4′2.87″E); (3) River section E of Jajiya village (26°50′41.35″N, 70°4
4′36.14″E); (4) Kuldhar Nala section (26°51′02.8″N, 70°46′17.0″E); (5) Kuldhar River section (26°51′35.4″N, 70°47′04.7″E); (6) 11 km milestone section, west of Jaisalmer city along the Jaisalmer-Sum road (26°55′3.60″N, 70°4 8′37.26″E); (7) Gharoi River section, W of Baisakhi village (27°01′ 14.51″N, 70°53′37.54″E); (8) River section 6 km W of Hadda and 9 km E of Jethwai villages (27°03′33.06″N, 71°00′25.08″E); (9) Kanod River section in the eastern part of the basin (27°07′7.08″N, 71°05′18.30″E).
These localities, about 1.5 km to 18 km away from each other, extend laterally for more than 40 km from southwest to northeast within the basin (Fig. 1d) . The thickness of the rock unit containing the three hardgrounds, ranges from 0.5 m to 3 m between localities 1 to 9. Stratigraphically the hardgrounds occur within upper Bathonian strata, as evident by records of the ammonites Macrocephalites madagascariensis, M. triangularis, and Perisphinctes congener, the brachiopods Plectoidothyris jaisalmerensis and Cryptorhynchia sp., and the corals Craterastraea crateriformis, Collignonastraea meandra, Periseris cf. elegantula (Krishna 1987; Jain 2008; Pandey et al. 2009a Pandey et al. , 2014 Mukherjee 2010) . They vary in lithology from calcareous sandstone/rudstone/packstone to wackestone/mudstone. The individual hardgrounds can easily be recognized throughout the basin because of their characteristic lithology and dominant faunal components. Typically, the stratigraphically oldest hardground (HG I) is found on top of an at most 1.5-m-thick sedimentary unit, characterized by brownish or pinkish yellow, trough Alberti et al. 2017) cross-bedded, partially bioturbated, ooid-and bioclast-bearing calcareous sandstone to rud−/pack −/grainstone with a megaripple surface (Figs. 2a, 4) . Trace fossils include Thalassinoides suevicus (common), Ophiomorpha (occasional) and Siphonichnus (rare). The hardground surface is encrusted with oysters (Liostrea and Nanogyra) and occasionally bored to a depth of < 1 cm (abundant Gastrochaenolites, rare Meandropolydora; Figs. 2b, c, 5). At locality 4, the oysters form small patch reefs, several decimeter in lateral extent and less than 10 cm in height. The megaripple surface, Thalassinoides, encrusted shells Fig. 2 Field photographs. a Truncated megaripple surface of HG I exposed, River section E of Jajiya village (locality 3); b and c Close-up views of encrusting oysters on HG I, which are occasionally bored, Kuldhar River section (locality 5). Note shells and borings are covered with a thin iron crust; d Close-up view of HG II showing Gastrochaenolites, 11 km milestone section, along the Jaisalmer-Sum road (locality 6). Note irregular outline of the bored hardground surface; e Close-up view of HG III showing oysters encrustation and bored pebbles, 11 km milestone section, along the Jaisalmer-Sum road (locality 6); f Polished cross-section of HG II showing bivalve borings (Gastrochaenolites isp.; white arrows) and the stromatolitic ferruginous crust (red arrow), Kuldhar River section (locality 5); g Broken cross-section of HG II showing worm borings (Trypanites isp.; arrow), Kanod River section (locality 9) and borings at locality 5 are covered with a thin iron crust that is developed also at most other localities. Other body fossils from this bed are limids, pectinids, rhynchonellids and terebratulids. The best outcrops of this hardground surface are in the localities 1, 3 and 5. In other areas, such as at the 11 km milestone section, west of Jaisalmer (locality 6), it either has been anthropogenically removed for building blocks or is covered by the overlying biowackestone to biopackstone unit (locality 4).
The second hardground (HG II) generally forms the top of a 30-to more than 200-cm-thick white mudstone to bio-wackestone. This hardground is characterized by bivalve and "worm" borings (abundant Gastrochaenolites and occasional Meandropolydora and Trypanites). The different diameters of the bivalve borings indicate several phases of colonization and erosion. The borings extend to a depth of up to 10 mm (Fig. 2f) . In case of Trypanites, maximum depth recorded is 20 mm (Fig. 2g) . At three localities, oysters sporadically encrust the surface (Fig. 2d) . This hardground has an irregular relief which is covered with a ferruginous stromatolitic crust (Fig.  2f ) . The fossils recorded from this unit are brachiopods (terebratulids), gastropods (Pleurotomaria), bivalves (Nanogyra, Chlamys, and pholadomyid bivalves, such as Homomya and Pholadomya in life position), cephalopods (belemnites and ammonites), corals, echinoid spines, crinoid ossicles, ophiuroid ossicles, and trace fossils (Chondrites, Rhizocorallium commune, and Thalassinoides). The second carbonate hardground with abundant bivalve and worm borings is widespread and commonly exposed in the river bed at Nav Dungar, southwest of Jaisalmer (locality 1) to near Kanod village, northeast of Jaisalmer (locality 9).
The third hardground (HG III) typically forms the top of a 40-to 60-cm-thick, bioturbated, fossiliferous, silty, marly, ooid-bearing packstone with bored and encrusted clasts of white mudstone to biowackestone of the underlying unit containing HG II (Fig. 2e) . It is characterized by encrusting oysters and a ferruginous stromatolitic crust. Oyster shells also occur scattered within the sediment, occasionally bored with Meandropolydora. The fossils in this unit are bivalves (commonly oysters), brachiopods (rhynchonellids), belemnites, ammonites (Macrocephalites formosus and Perisphinctes congener), echinoid spines, crinoids, etc. The best outcrops of this hardground are in river sections, at Kuldhar village, at the 11 km milestone section, west of Jaisalmer city and west of Kanod village (localities 5, 6 and 9).
Discussion
The biogenic components, including trace fossils, associated with these hardgrounds and the intervening sediments, represent relicts of high-diversity communities indicative of shallow-water, open marine environments. The formation of the hardgrounds started under subtidal conditions in a mixed carbonate-siliciclastic setting during the last phase of a transgressive systems tract (Pandey et al. 2010 (Pandey et al. , 2014 . The features of the upper Bathonian hardgrounds recorded at the nine localities (Figs. 1, 3 ) are summarized in Table 2 .
Although the lower two hardgrounds and their associated fauna at the Kuldhar River section have been described and interpreted in detail by Fürsich et al. (1992) , their lateral extension had not been explored at that time. In the following discussion, after interpreting the main features shown by the hardgrounds, we concentrate on the palaeoenvironmental, stratigraphic, and sequence stratigraphic significance of the three hardgrounds and discuss their palaeogeographic and palaeoclimatic implications. The hardgrounds differ in their lithology (Figs. 4, 5 ). In particular, HG I is invariably associated with a megaripple surface (which may, however, disappear laterally as at localities 6 and 7) and cross-bedded sandy packstones, grainstones, or rudstones, which at some localities may also be partly bioturbated. Locally, the sand content is so high that the lithology is a bioclastic sandstone. Apart from bioclasts, ooids, coated grains, and intraclasts are common components. In the case of HG II and HG III, the sediment is highly bioturbated, much finer, and corresponds to a peloidal biowackestone to biopackstone (HG II) or silty ooid-bearing biopackstone. This difference in lithology corresponds to different energy regimes preceding hardground formation: The sediments of HG I formed under high-energy conditions with constantly shifting substrates, whereas sediments of HG II and HG III record intermediate energy conditions. These lithological differences probably reflect a position above the fair-weather wave-base in the case of HG I and below this base in case of HG II and HG III. This interpretation is corroborated by the ichnofauna that occurs between the hardgrounds: Abundant Rhizocorallium commune and locally Zoophycos sp. are characteristic of low-energy environments (e.g., Seilacher 1967; Fürsich 1998) .
The hardgrounds also differ in their morphology: In addition to the megaripple morphology, HG I usually exhibits a smooth surface due to extensive abrasion. An exception is locality 5 (Kuldhar River section), where early diagenetically lithified burrow fills of Thalassinoides in the megaripple troughs are an additional morphological feature. HG II and HG III, in contrast, exhibit partly smooth and flat, partly irregularly undulating surfaces. In general, these surfaces are not continuous but are interrupted by often steep-sided, patchy depressions, up to 10 cm deep (Fürsich et al. 1992) , which are filled with bioclastic material, often in association with a ferruginous stromatolitic crust. In cross-section, undercuts are visible. Apparently, cementation, which took place some distance below the sediment-water interface, was not uniform, possibly because it started around several laterally-arranged nuclei that with growth gradually, but not invariably, coalesced (concretion model). Alternatively, continuous burrowing activity of decapod crustaceans (producing Thalassinoides) locally prevented the hardening. In any case, after lithification and removal of any overlying soft sediment (see below), the hardground surfaces became abraded and planed off by sediment that was moved across the surface but did not accumulate.
Subsequently to the cementation of the internal sediment layer, erosion removed the overlying soft sediment layer, exposed the lithified layer to the seafloor, and created depressions and undercuts by removing soft sediment between and underneath the cemented layer (e.g., Fürsich 1979; Fürsich et al. 1992 ). The overlying soft sediment layer may have been only a few centimeters thick but may also have been in the order of several decimeters. The latter must have been the case in HG I at the Kuldhar River section (locality 5), as is shown by the lithified horizontal burrow networks of Thalassinoides in the troughs of the megaripples, which were most likely produced several decimeters below the sediment-water interface.
Evidence of ongoing abrasion are also the truncated flask-shaped bivalve borings (Gastrochaenolites), of which often only the lower part is preserved, and the incorporation of bored and encrusted concretions in HG III. The encrusting and boring fauna of HG I is of low diversity: Apart from Gastrochaenolites, rare Meandropolydora borings are found in some of the hardgrounds. Encrusting faunal elements may be abundant, but their diversity is similarly low. All hardgrounds have been colonized by oysters, large Liostrea and small Nanogyra, which commonly are represented by several generations. Gastrochaenolites borings in Liostrea and abraded cemented oyster shells indicate that the hardground surfaces have been available for colonization for some time interrupted occasionally by shifting sediment. The low diversity may be partly due to present-day erosion of the hardground surfaces, because most of them are exposed in dry river beds where more delicate features of the surface may have become obliterated. Partly, high water energy may have been responsible for the lack of other faunal elements. Encrusting organisms are more diverse where hardgrounds are covered by a ferruginous stromatolitic crust as is the case in HG II and HG III at Fürsich et al. (1992) recognized 13 taxa of encrusting sclerosponges, colonial corals, serpulids, brachiopods, bryozoans, and bivalves between layers of the stromatolitic crust, which also colonized the ceilings of undercuts. This implies that after an initial high-energy period, during which the hardground surfaces were mainly bored and became abraded, the water energy decreased so that a biogenic crust composed of microbial layers and abundant encrusting organisms, in particular serpulids, could become established. As this crust is highly ferruginous, Fürsich et al. (1992) interpreted the microbial layers as having been formed by non-photosynthetic bacteria or cyanobacteria, which precipitated ferric iron layers (Palmer and Wilson 1990) . A thin iron crust is present on top of most other hardgrounds as well, but its preservation is generally too poor to allow inferences about its nature. Nevertheless, the iron crust documents a pronounced phase of non-sedimentation.
The sediments between the hardgrounds are highly bioturbated, predominantly micritic, and rich in fossils. The nature of the sediments, burrowing bivalves preserved in growth position, and the trace fossil composition (Thalassinoides, Rhizocorallium commune, Zoophycos, and Chondrites) document a low to moderate water energy. Thus, it appears that the stratigraphic interval, in which the three hardgrounds are found, corresponds to a phase of highly episodic sedimentation with phases of omission and erosion. Based on the ammonites Perisphinctes congener, Macrocephalites madagascariensis, M. triangularis Kamptokephalites dimerus and Indosphinctes ex gr. errans/peregrinus in the strata overlying the hardgrounds, the age of the condensed unit is late Bathonian. This condensed interval is an excellent marker unit that can be traced across the basin. Apparently, it formed during a phase of high sea level in the late Bathonian, when input of siliciclastic sediment from the hinterland was greatly reduced. In addition, sediment starvation was probably supported by an arid climate that has been postulated for the neighbouring Kachchh Basin based on faunal, clay mineralogical and stable isotope evidence (Fürsich et al. 2005) . Sediment starvation has been so extreme that at some localities two successive hardground surfaces have become superimposed, e.g., in the River section E of Jajiya village (locality 3), where borings of HG II are also found on HG I (Fig. 4) . At locality 8, 6 km west of Hadda, HG II and HG III are separated only by a few millimeters. As the relief of HG II is irregular, the two hardground surfaces are locally at the same level. The two events are clearly not contemporaneous. At locality 9, HG II and HG III are also closely associated, spaced by merely 3 cm.
In sequence stratigraphic terms, the hardground interval corresponds to the late transgressive systems tract/ maximum flooding zone of a depositional sequence. The individual hardgrounds are interpreted as the transgressive part of high-frequency transgressive-regressive cycles. The transgressive part of these cycles is represented by a hardground, and the regressive part by the sediment unit between that and the following hardground surface. As is generally the case in such parasequences, the transgressive units are much thinner than the regressive ones (e.g., Van Wagoner et al. 1988; Catuneanu et al. 2011) .
In the neighbouring Kachchh Basin, more than 400 km away, no hardgrounds are developed in the coeval Sponge Limestone member of the Patcham Formation (Fürsich et al. 2013) . At the Jumara Dome, this member exhibits instead several horizons of reworked and bored concretions, which -similarly to the hardgrounds in the Jaisalmer Basin -also indicate phases of reduced sedimentation (concretion formation) followed by erosion and colonization by an encrusting and boring biota. An elevated clay content of the micritic sediment may have prevented the formation of extended hardgrounds (Goldring and Kazmierczak 1974) . At other localities within the Kachchh Basin (e.g., in the Jhura Dome), coeval strata are represented by flagstones composed of grainstones, which have been interpreted as amalgamated storm-wave deposits and thus did not provide the right conditions for the formation of hardgrounds (Für-sich et al. 2018) . Hardground formation is a common phenomenon in many Jurassic shallow epicontinental carbonate regimes (e.g., Purser 1969; Palmer and Fürsich 1974; Fürsich 1979; Gruszczyñski 1979; Wilson and Palmer 1994) . They strongly vary in their lateral extent. Their precise correlation with the Jaisalmer hardgrounds is impossible.
The wide, apparently synchronous distribution of the three hardgrounds, which can be followed laterally for several tens of kilometers, suggests that conditions across much of the Jaisalmer shelf basin were fairly uniform. The fine-grained siliciclastic sediments overlying the uppermost hardground indicate a major change in the sedimentation pattern and an end of carbonate sedimentation. Fürsich et al. (2005) postulated a climatic shift in the Kachchh Basin from hot and arid in the late Bathonian to warm and humid in the Callovian. The sedimentation pattern in the Jaisalmer Basin suggests an identical climatic change. The characteristic lithology and biotic components of individual hardgrounds, extending with only minor lithological changes from the southwestern to northeastern part of the Jaisalmer Basin, allow a very precise correlation within the unit and facilitate stratigraphic correlation of overlying and underlying beds. Although HG I may not be exposed everywhere, the cross-bedding and megaripple surface associated with HG I have been found in almost all the outcrops. 2) The stratigraphic position of these hardgrounds coincides with a sudden change in the environmental parameters involving the transition from a carbonate-dominated to a siliciclasticdominated regime produced by a climatic shift to more humid conditions. 3) The widespread extension of hardgrounds, almost across the entire basin, suggests significant breaks in sedimentation. However, due to the scarcity of ammonites we are unable to comment on the time interval of the hiatus. Altogether, the maximum thickness of upper Bathonian sediments is much lower than in the neighbouring Kachchh Basin (15 m versus approximately 35 m). 4) In sequence stratigraphic terms, the three hardgrounds represent the end of transgressive systems tracts, i.e. maximum flooding zones. 
Conclusions

